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AMEIMDMENT TO THE CLAIMS 

The listing of claims will replace aU prior versions, and listings, of cUtims in the application; 
Listing of nalms; 

1. (Amended) A circuit for use in a digital display unit [of a conqiufer system, and circttit] fitf 
gen^ating a plurality of pixel data elements from an analog image data received by said digital 
display unit, said digital display unit fbrther receiving a time reference signal associated with 
said analog image data, said time reference signal having a high frequency, said drcuit 
comprising: 

an analog-to-digital converter (ADQ for receiving said analog image data, said ADC 
sampling said analog image data using a sampling clock to generate a plurality of pixel data 
elements corresponding to said plurality of pixels, whwein said sampling clock has a sampling 
frequmcy equal to said high frequency; 

a clock generator circuit comprising a phase-locked loop (PLL) circuit for generating said 
sampling clock, wherdn said sampling clock is synchronized with said time reference sigoal 
widi a jitter of less than a few nano-seoonds, said PLL comprising: 

a discrete time oscillator (DTO) for receiving a digital input and geaeratii^ a signal 
representative of said san5)ling clock with a frequency determined by said digital input; and 

a digital circuit for receiving said time reference signal and a feedback signal, wherein 
said feedback signal is generated by dividing said sampling clock, said digital circuit generating 
said digital input according to ttie difference of the phases of said time ref^ence signal and said 
feedback signal, said digital input causing said DTO to geneirate said signal synchronized with 
said time reference signal, said digital circuit comprising: 

a frequency correction logic for adjusting the phase of said sampling clock 

according to the long-term drifts in the frequency of said time reference signal; and 

a phase correction logic for adjusting the phase of said sampling clock according 

to the phase difference in said feedback signal and said time reference signal, 

wherein said frequency correction logic and said phase correction logic are 

implemented as two separate control loops, 

wherein a panel interface included in said digital display unit can generate display 

signals for a display screen based on said plurality of pixel data elements. 
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2 (Origtal) The dr.mtofd»iml. wherein «i4olockgc«r«orciiem.««h«c^^ 
andog filter to eltainate m^ixeble ftequencies ftom «id signal «pres«««iv= of s»d 
sainpling elo«l£ to generate said sampling doi*- 

3 (Original) The ein»t of claim 1. further compdsing. ph.* -.4 ft«D^ 
de,«ndning.h.difierenceofphasebet»eonsaid«Wback«ga-.~dsaidti™ 

4 (Original) The cirouit of claim 5. ftKhe. oon.prising a ch»ge/dis=.«rg= «»«dl lo^o 
detemnrung the amount of phase correcSon „ ho made based on fl>e d«™in-oo 

(Jifference of phase. 

5. (Origmal) The circuit of claim 1. wbereix. said analog i«.age data and said time reference 
signal are received on two separate signal paths, 

6. (Original) The circuit ofclaim 5, wherein said reference clock conaprises a binary si^^ 

7 (Original) Hie circuit of claim 1, wherein said digital circuit distributes phase error between 
said feedback signal and said reference signal during a comparison cycle by d«ngmg Ihe phase 
of individual clock pulses in said sampling clock. 

8 (Original) The circuit of claim 1. wherein said fiequency correction logic generates a multi- 
bit number, wherein said multi-bit m^nber is representative of the amount of phase advance of 
said sampling clock generated by said mO during a DTO clock period, and wherein sa«l multi- 
bit representation enables said PLL to reach said san^lingfrequency within a short durabon. 

9. (Original) Ihe circintofclaiml, wherein said fi«iuenoycon^on logic comprises: 

a first multiplexor accepting as input Pnom and Fdp values, wheidn Pnom represents an 
expected frequency of said sampling clock and Fdp represents the correction due to the long- 
term firequency drifts; 

a flip-flop for storing a value representative of the phase correction corresponding to the 

firequexLcy coixection logic; 

an adder for adding or subtracting the oulput of s^d first multiplexor ftom the value 
stored in said flip-flop, wherein flie output of said adder is stored in said flip-flop; and 
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a frequ^acy correction control coupled to said flip-flop and said adder, wherein said 
ftequency correction control causes said flip-flop to be set to Pnom at the beginning of a phase 
acquisition phase, and wherein said frequency correction control causes said adder to add or 
subtract Fdp depending on whether the sampling clock is early or late in comparison to said time 
referejice. 

10. (Original) The circuit of claim 1, forther comprising: 

a phase and frequency detector for determining the difference of phase between said 
feedback signal and said time reference signal, wherein said phase and frequency detector asserts 
an EARLY signal a number of clock pulses proportionate to the difference of phase by which 
said feedback signal is earlier than said time reference signal and a or a LATE signal a number of 
pulses proportionate to the difiference of phase by which said feedback signal is later than said 
time reference signal; and 

a charge/discharge control logic implemented using digital components, said 
charge/discharge control logic including a phase integrator, said charge/discharge control logic 
charging said phase integrator according to the number of pulses said EARLY signal or said 
LATE signal is asserted, said charge/discharge logic discharging ov^ a longer period of time 
than the charging period so as to spread the difference in phase over a comparison cycle, wherein 
the phase of said sampling clock is corrected during the discharging period. 

1 1 . (Original) The circuit of claim 10, fiarther comprising a sign and zero crossing detector for 
correcting any over-correction performed by said charge/discharge logic during said disc h ar ging 
period. 

12. fNew^ A circuit for use with a digital display unit for generatin g gtptu^litv of digits 
data elements from analog ij ^a dat^ received bv said digital display unit wherein said digital 
display unit furtfier receives a time reference signal havin g ^ *itr>,ft reference signal frequency 
associated with said analog image data, said circuit comprising. 

Sin an^l^or-tn-digital converter (ADO for sampling said analog im age data using a 
sampling clock to generate said pl nralitv of digital image data elementsi 
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a clock generator circuit foi: ^eneratipg said sampli n g clock that is 3vnobroni?:ed with said 
time leferen ^ fi ffippal ""H t hat receives a digital inimt and generates a. .sipnal represeplffl^Y? 9f 
said sampling clock with a frequency determ inftrt hy said digital input: and 

a digital cirouit for receiving said time reference signal and a feedback signal, wherein 
said feedbacTf «f >"»^ if generated bv di v iding said sampling clock, said digital circuit fi^^iAfi 
said digital input according to the difference of the phases of said t ime reference sipnal and said 
feedback f^^m^^ "^^'^^ digital input causing said clock gen erator circuit to generate said ^9P^ 
gynf.hTr>T^iy ^ with said time reference signal. 

13. rNew^ The circuit of claim 12. wherein said clock gep ffl^ordtcuitfbi^ercompn^ 

ar^ainpr fiitf»r tc ^ eliminate a nv undesirable freqnencies from said sisTtal representative 
of said sampling dock to eanerate said sam pling clock: and 

a phasB-lQcked loop (PLL^ circuit that includes a timg pscillator (DTO\ 

}4.. (Wew-\ The eirouit o f farther comprising a nhase and frequency detector for 

determining the difference of Phase betwe e n said feedback signal and said tim» Tefereqffft ^m<^ 

15. (NeVf) The 0jT? P'i» »f ^t niTn 1 4. fiuther COmPli «'np; charg<yHifl<>hftrfye control logic for 
HAfP^TTiininp the amount of chase coirection to be m ade based on the determination 9fm^ 
difference of Phase. 

16. (New't The circuit of claim 12. whacin s^ i^ analnp image data and said time leferencs 
signal are received on two separate sign al paths. 

17. rNew^ The circuit of clai ro 16. wherein said reference clock comprises abfflffiy SXgmrt- 
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1 8. rNew^ The circuit as recited in claim 12. wherein said saniipling clock has a sampling 
frftqiienc Y equal to s aid time re%pice sjona^ frypiftii^ffY, 

19. Ctiew) The cirouit as recited fr i rfMTw 1 2. fiatha- comprising: 

a faquencv correction logic far adjusting th e ohase of said sampling clock accordinala 
the long-term drifts in said time referenc e signal fregueacy; and 

a phase collection logic for adimting the p? i^^ t f f '"''^ pHfi pliTie clock accoidine to the 
ptiaat. «tifr^ arence m said feedbaiC T^ ftipnfll an^ ffaid time reference sia^ 

xvfaerein said frequency ooirection logic and said ph ase correction logic are implemented as twp 
separate control loooSt 

(Kaw) The circuit as rented t" ''^^^ ^ ^ wherein said digital display ogqiprises : 

a panel interface arranged to eeoerate diimlav s i r"«1s for the display screen based m 
plurality of digital image data elements. 

1\ . ns^ew^ Tbe ciicuit of claim 19. wfaerej i ^ said digital eirciilt distributes phase error betwfim 
said feedback si pnal and said reference sign a l during a comparison OVde bv ChWWUW 
ftf itiriTTTiHiial ftl qck pulses in said sampl iag clock. 

22. (New') The circuit of claim 19. wherean said freq uency correction logic pen^t^s a multi-bi 
number, wherein said multi-bit number is represeo tative of tihe amount of ohase advance of said 
ff^tYiplin p cloclf eeneraled bv said DTP during a DTP clock period, and whereia said tn^qti-to 
tfepresentalion enables said PIX to teach said sampling fyeguencv within a short dwattiOP. 
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23. rNTew't The ciicmt'^fftlM"! 19. wherein said fteauaiov correction loei^ 

a fiT^ mnltiplexor accepting d& inout Pnom »nA Fdn values- wherein Pnom represents an 
CTcpeeted freauencv of said s ^^pV^ff ff'"^^ '^'^ "^^P represents the cotiectiOW due to the lonfc 
term fieguencv drifts: 

^ flip-flop for storing a value rep r esentative of the nhase conrection corresponding to the 
freqnencv correction loeie: 

fr ^ fldder for adding Or s u htracting the otrtniit of said fiist multiPleXPr firom the value 
stored in said flip-flop. whprein the oiitpr * f f {jj^H '^^"^ ^ said fliP-flop; and 

fregnencv correction control cou n led to said flip-flop and said adder, wherein said 
freoTiencv correction control causes said flip-flon to be set to Pnom at the ^epinwoR of a phase 
ac quisition Phase, and wherein said freoii e ncv cotrection control causes said adder V> S<W 
mbtract Fdn ^ ^f p^ndinp nn whether the sampling cloc k is earlv or late in comparisoo to said time 
yeference. 

24. fNew^ The circuit n.f<^^^,im 1 2, ilirther comprising: 

ft pha-«;e and frequency detector for d '^ftr^i"inp ^^'^ Hi-fT^enr^e of phase between said 
feedback sjgpal and said time reference si e naL wherein said nhnsft and frequency d^py asserts 
g i^ EAX^Y sip ^al a number of clock p u lses proportjonate to Ihe difference of pha$»l>Y whjch 
said feedback si^al is earlier than said ti me reference signal and a or a LAT16 signal a number of 
pnlses proportionate to the difference of oha ise bv which said feedback siprial is la^ Om ?aid 

time refgremce signal: and 

a ftharge/d igf.h:*r pe control logic implement ed using digital coroPOnents, said 
ehar^e/diacharpe control logi c wr in^^i nP " ii^t ^prator. satd charge/dischaTge CQAtTQl IPfffi 

r.lia>i^« g yiid phase integrator accordin g to the number of pulses said BARLY signal PT saifl 
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LATE signal is asserted, said charge/discharge logic discha rging over a longer period of time 
than the charging oerijod so as to spread the difference pliagft ^ver a comparison cvcle. wherein 
the phase of said sampling clock is corrected during the di scharging period. 

25- fNew> The circuit of r f^'^r ?At fi^^^^ comprising a sign and zero crossing detectQT foy 
cQirecrfdiig any over-coirection performed bv said ^.iiarpr^/Hi'gf^tiprpe logic during said dischargine 
period. 

26, flsTew^ A method o f piyivi^iTip; a deKtiTiation ^mape frflme formed of a mimKer of destination 
ima^ elements, compiising: 

receiving sourcp itrtape ele ments in acco rdance with a. source ftame rate; 

ftftftlmpr ftftid source fmap ;ft ftlgmen ts independently in bo th vertical and horiz<mtol 
t^irectioBs to form said destination image elements; and 

providing s^^^^ , ^^ ^flti^n W ^ ?^ elements in accordance wit h a destination frame rate. 
wherem said source fraine rate is substantially equal to said destination ftame rate. 

27, CNew\ A method of c T^im2<^. wherein a source image includes apluralitVQfsou^^ 
fraaies. and whereiTi a destination image correp p^TirtiTifi; tn said source image i& generated by 
generating a destination image feg TYiR rnrresT Kjnding to e ach of said soim::e image frames, 

28, (New^ A method as recited in f ^la ^m 16 wherein when said scalip ff ^m^^l^i^ff ^g^id ^^aling 
further comprises: 

replicating a plurality of said source image elements to obtain replicated source.maagc 
elements. 
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29. (New) A method as recited in claim 28, said scaKng further compri^ 

interpolating selected ones of said source image elements and said rcplicaled source 
image elements to generate said dep ^riafrrtn miage elements. 

30. (New^ A method as recited in claim 29. wherein said source image frame includes a 
-plurality of source scan lines each of which includes a number of said source image elements, 
and wherein the des titiatiftn fmafye fram ft includes a plurality of destination scan lines each of 
whifih mftlTi/^eg St fflitY^ber of said destination i mage elements, 

31 . fNew) A method as recited in claim 30, further comprising: 

using at l east a present scan line and a previous sca r^ lir^e for said interoolatiorL wherein 
said present scan line and said previous scan line are included in said pluraHtv of source scan 
lines, 

32. (New> A method of claim 3 L wherein at least one of said souice scan lines is used one or 
more times as a present scan line. 

33. flsjewl A method as recited in cl aim 26, wherein said source image frame has an associated 
source image frame aspect ratio and wherein said destinarinn image frame has an associated 
destination image fra me aspect ratio> wherein said scaled ^^^tinat^^ ^ image frame aspect ratio is 
different from said s miTCe im age frame aspect ratio. 

34. (New\ A method as recited in claim 26. wherein said source fimie rate is based upon a first 
clock signal and wherein said destination frame rate is based ttpon a second cloc^ sipi; i^1., 
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35, (New) A m ethod as recited in claim , .^4^ fiirtfaer comtgismg: 

ytPrigg said source image elements being received into a line bufife r in accordance with 
said second clock signal: and 

thereafter, outputting said destination image elements in ? >r/^r%rHaTi ce wilfa said second 
clock signal. 

36, fNew> A me t^inH nfnia^m 35. wherein said second clock signal is locked to said first clock 
signal in a proportion. 

3_7. fNew> A method of claim 36. wherein said proportion is equal to a ratio of a total nu mfr^ 
souj^pe iTTiayy^ ff,^f ?ments to a tmtftl nnTn ber of destuiation image element^ 

38. (New) A digital display innt having a dispkv screen for displaying a destm^^ 
frame foiined of a number of destination image elements. 

a display unit interface for displaving the destination image jframe at a display rale based 
upon a display cl r^rV Rif^nh 

a converter circuit for gene rating a plurality of digital source image elements jBrom an 
analog so urce image received by said digit al A'gplAy i mit based upon a sampling clock signal 
wherein the analog s ource image has a asso ciated tiTn e reference signal and time reference signal 
frequency: 

a scaler unit coupled to the c onverter circuit arranged to 

receive said digital source image elements at a line buffer in accordance with a 
destination clock sienaL 

scale said sour <y^ ■elements independently in both vertic^al and horizontal 
directions to form said destination image elements, and 

11 

PAGE 1 2/1 8 * RCVD AT 2Q4I2008 7:24:46 PM [Eastern Standard 



FEB..24. 20ft6 4:30PM 16509618301 



NO. 379 P. 13 



provide said destination image elements in accoidance with the destmadon clock 
siggal to the display unit interface w herein a source frame rate pr^^ f\ ^f^gtit^ftH pn frame rate are 
related so as to not overflow the line buffer over a period of tfme; anH 

aclocic circuit arr anged to produce the display clock signal, the sampling clock 
signal, t he first clock signal and the secon <^ ftTnnV sipri^l , -yrficrein the sampling clock js 
svQChlOPized with the time refea-flufce 

39. rNew) A digital display u nit as recite d in rJft^^rn 38, wherein the clock cir^ 

digital input and generates a sig nal representative of said samp linf r dock with a frequency 
determined bv said digital input 

40. fNew^ A digital riifipTay^'^^ t as recited in claim 39, further comprise 

a digital circuit for rfw^'vi' ng said time reference signal and a feedback signal, wherein 
s^id feedback signal is generated bv dividi ng said sampling clock, said digital circuit generating 
s aid digital iuPUt according^to the difference of the phases of said time reference signal and said 
feedhafttf ^prifll , cairl digital input causing said clock circuit to generate said sampling clocl^ 
signal synchronized with said time re ference signal 

4 1 . (New) A method of displayi ng an analo g source image by a digital display unit having a 
display screen as a destinatio n image frame formed of a number of de^t ^n ^ pr^ iTnAge elements 
wherein the analog sn^rc^ Tiag i> a ssociated time reference signal and time reference signal 
frequency, comprising: 

synchronizing a sampling clock signa l tf^ ftif^ ^^Tn e reference signal; 
generating a plurality of d igital source image elements from said analog source imag e 
based nnon said samplmp; iyli;>r> ffippal- 
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arftlitip; fejii d digital source image elemeats bv a soaler unit Ivy 

receiving said digital source image elements at a source frame ratel, aad 
scaling said source image elements iadependcntlv in both vertical and horizontal 

directioDs to fomi said destination image elements: and 

providing said destination image elements ^ <;^q?ti'ng^ti on fiame rate in 

accordance to the di gp^^y ""^ ^ ittferface at a rate tliat does not overflow the line buffer on 

average: and 

displaying the destination image elements bv the digital display. 

42. (New ) A method a^recfted in claim 41, further comprising: 

receiving a digital input that causes said clock circuit to generate said signal 
l^ff^T'^^ ed with said time reference signal: and 

generating a signal representative of said samphng clock with a frequencv deteimined by 
said digital innnt. 

43. (Nevr) A method as recited in claim 42. comprising! 

generating a feedback signal by dividing said sp rnpliTip r clock: and 
receiving said tame reference signal and a feedback signal, wherein the digital mpat is 
based upo n the difference of the phases of said time reference signal and said feedback signal, 

106. rNew) A circuit for use in a dieital display unit for generating a plurality of image pixel 
data elements for display on a display screen^ comprising: 
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a_source interface arranged to receive fSQw-ce iyviafr e pixels from a source image, said 
source interface incl udes an analog-to-digital coBverter (ADO fo r fiarrrpiiTif r said source ima^e 
pixels using a sampling clock to generate a plurality of pixel data elements; 

a clock generator circuit for generating said samp liTify cAnrXr-^ ar>H 

an upscaler for npseaHwf^ said Source image to a destination image having more pixels 
than Ho fts the source image, comprising: 

a line buffer arranged to receive and store pixel data elements from the som-ce interface: 

and 

adtoplav interface arranged to receive pixel data elements from the line buffer and 
provide the plurality of image pixel elements for display ^.t^ff^^t "«^^ g a frame buffer. 

1 07. Caiew) A circuit as recited in claim 1 06, wherein the display interface fuifher comprises: 

an interpolator coupled to the line buffer and arranged to provide the plurality of 
destinatioTi T ^el elCTients uring pixel data elements stored in and read from said line 
buffer. 

1 08. (Ne w) A circuit as recited in claim 1 07, wherein said interpolator comprises: 

a vertical int erpolator imit arranged to vertiQallv interpolate pixel data elements received 
from said line buffer: and 

a horizontal interpolator unit coupled to the vertical interpolator unit arranged 
horizontally interpol oate selected ones of tha vftrHr allv interpolated pixel data elements. 

109. (Ne w) A circuit as recited in claim 108. wherein the interpolator further comprises: 

a first interpolation line b uffer coupled to the vCTrical interpolator and the line buffer for 
storing previous vertically interool ated pixel data elements: and 
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a second interpolation line biiffer for storing current verticallv interpolated pixel data 
elements that are used by the horizontal inten>olater unit to carry out the horizontal interpolation. 

110, (New) A circuit as recited in claim 1 0fi., wherein the line buffer is a single port memory 
type line buffer that includes a single nort SDRAM. 

1 1 1, nSTew) A circuit asr^ited in claim 1 06. w herein the line buffer is a dual ported memory 
type line buffer. 

1 12, (New) A circuit as recited in claim 110 wherein when the line buffer is the single port 
SDRAM, then the line buffer includes a first memory bank and a second memory bank, 

113, (New) A circuit as recit ^^H fn Haim 1 12. wherein when pixel data elements correspor diTig 
to a sourc ft imapA s can line is receiyed in the first h ank , the n pixel data elements cotresponding 
to another ssmiToe iTnaoe scaTi lirtft ran be concuirentLv read from the second memory bank as 
many im^ ^ y^quired. 

114- (New) A circuit as recited in clai TT^ wherein when said 1^ 

memory, pixel data elements are read from a port that is different fix>m a port that receiyes the 
piatel data elements. 

1 15. flSTew^ A method for gqierating a plurality of image pixel data elements for display on a 
display screen, comprising: 

receiving source image pixels from a sourc e imf ge; 

generating a plurality of pucel data elements by sampling said source image pixels: 
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receivia eLand storing pixel data elements at a line buffer: 
receiving pixel data elemmts from the line •bufyer; 

providing the plurality of image pixel elemients for display without using a frame buffen 

and 

displaying a destination }jrf^^^ h^xrin g mcxre nijcels than does flie source ima pre i^ainfy tbft 
t>rDvided plurality of image pixel elements. 
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